Conventional methods of treating ankle fractures in the elderly are associated with high rates of complication. We describe the results of treating these injuries in 48 frail elderly patients with a long calcaneotalotibial nail.
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The number of fragility fractures are set to rise further as a result of the anticipated increase in life expectancy and the prevalence of osteoporosis. 1, 2 Osteoporosis currently results in more than nine million fractures worldwide each year. 3 Ankle fractures have a bimodal age distribution, with peaks in young men and older women. 1 The elderly are at increased risk of ankle fracture, not just because of their poor bone quality, but also because of their increased tendency to fall. 4, 5 The management of an ankle fracture poses specific challenges in the frail elderly patient. Both operative and non-operative techniques are associated with a high rate of complications. Non-operative treatment has been associated with a nonunion rate of between 48% 6 and 73%, [7] [8] [9] and a malunion rate between 36% 7 and 61% 8 , and the incidence of chronic pain at one year is up to 68%. 9 After open reduction and internal fixation, the rate of nonunion ranges between 0% 10 and 19%, 11 malunion between 5% 10 and 19%, 6, 7 and the incidence of wound complications from 9% 10 to 23%. 11 Chronic pain is reported in up to 56% of patients and contributes to high levels (63%) of patient dissatisfaction. 9 A number of factors are believed to contribute to the poor results seen after internal fixation in the elderly. The soft tissues are frequently in poor condition, even prior to injury. Comorbidities such as diabetes, peripheral vascular disease, and the prolonged use of corticosteroids are not uncommon and increase the risk of sepsis, nonunion, malunion and delayed wound healing. [10] [11] [12] The high prevalence of osteoporosis 1, 4, 12 renders commonly used methods of internal fixation technically demanding and prone to failure. These issues are further compounded by the patient's frequent inability to limit weight-bearing postoperatively. Any surgical technique that can circumvent these difficulties would therefore be welcomed.
Intramedullary stabilisation of fragility fractures of the ankle was first described in 1963 using a Steinmann pin. 13 Subsequently, other reports have described it used alone or in association with other types of internal fixation. 14, 15 However, these methods do not allow immediate unrestricted weight-bearing and have also been shown to be associated with high complication rates. [13] [14] [15] Over the last decade, there have been three reports on the se of retrograde calcaneotalotibial nails to treat these injuries. [16] [17] [18] These reports argue that this group of patients are physiologically comparable to those presenting with a fractured neck of the femur, in terms of having both multiple medical comorbidities and a high medium-term mortality of between 17% 16 and 46%. 17 These three small case series report no nonunion and a low rate of malunion (0% to 8%), [16] [17] [18] and that immediate partial 17 or unrestricted 16, 18 weight-bearing was possible.
However, these studies all used 'short' nails that did not cross the isthmus of the tibia. The use of a short nail to treat a fracture of the proximal femur has been shown to increase the risk of fracture at the tip of the nail. 19 In elective surgery, peri-prosthetic stress fractures of the tibia have been described when 'short' nails are used to augment tibiotalo-calcaneal fusion, the reported rates being between 6% 20 and 14%. 21 The rate of peri-prosthetic fracture when using a 'short' calcaneotalotibial nail for trauma is up to 10%. 18 In this study, we describe our indications, operative technique and results using a long, locked calcaneotalotibial nail for the fixation of a fragility fracture of the ankle in a frail, elderly group of patients.
Patients and Methods
Between 1 January 2010 and 1 January 2013, 48 patients presented to our hospital with a fracture of the ankle and were treated using a calcaneotalo-tibial nail (T2 retrograde femoral nailing system (Stryker, Mahwah, New Jersey)). For the purposes of this study, these patients were identified retrospectively from the theatre logbooks, implant charts Table II . Pre-and post-operative functional demand/independence. Post-operative status: was recorded at the last point of patient contact. This was the time of discharge in the non-survivors and the final outpatient follow-up in survivors
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Own home pre-injury 11 (23) and clinic letters. Individual patient data were obtained by reviewing the case notes, electronic charts and imaging. A total of 41 patients (85%) were women. The mean age of the whole group was 82 years (61 to 96), and 34 patients (71%) were aged > 80. Their mean American Society of Anaesthesiologists (ASA) score 22 was 3 (3 to 4). All had multiple medical comorbidities (Table I) and had low functional demands (Table II) . None were community ambulators pre-operatively, either with or without support.
The injury was low energy in 45 (94%) patients. Despite this, 19 (40%) had open fractures and ten (21%) required a formal soft-tissue coverage procedure. Each fracture was displaced and unstable. The fracture was bimalleolar in 30 cases (63%) and in 18 (37%) it also included the posterior margin of the distal tibia. According to the Lauge-Hansen classification 23 35 (73%) were supination-external rotation, nine (19%) pronation-external rotation and four (8%) pronation-abduction injuries.
The decision to treat these cases with a nail was made in each case by the orthopaedic consultant on call at the time of admission. Indications were patients considered physically and/or mentally too frail to manage restricted weightbearing post-operatively, and those with severely restricted mobility immediately prior to their injury. Those who could walk independently for more than 200 m were excluded, regardless of their age. Patients able to walk short distances (less than 200 m) outdoors, but requiring use of a frame, and those mobile only at home with or without support, were included. Patients with poor bone stock, as shown by a past history of fragility fracture, radiological evidence of severe osteopenia or a low-energy ankle fracture, were included. The procedure was carried out by a consultant in 33 (69%) cases and by a registrar in 15 (31%). The mean operating time was 55 minutes (25 to 90), and there were no intra-operative complications. Operative technique and post-operative care. The procedures were undertaken under image intensifier guidance with the patient supine and a sandbag under the ipsilateral hip. A tourniquet was used in only four patients (8%) at the discretion of the operating surgeon. A single dose of intravenous antibiotic was given on induction of anaesthesia. The surgical technique was the same in each case, using the T2 retrograde femoral nailing system (Stryker).
The fracture was reduced by manual traction under image intensifier guidance. A radio-opaque ruler and marker pen were used to mark out the axes of the desired entry point for nail passage in both anteroposterior (AP) and lateral planes. A guide wire was inserted percutaneously before making a 2 cm longitudinal skin incision in the heel around the guide wire and using blunt dissection down to the plantar surface of the calcaneus.
The guide wire was then inserted into the calcaneus and across the subtalar joint, aiming for the centre of the dome of the talus on both AP and lateral views. Once the wire reached the subchondral surface of the dome of the talus, the fracture was reduced. The ankle was brought into neutral flexion and the guide wire passed across the tibiotalar joint into the shaft of the tibia. Initial reaming into the tibial metaphysis was performed, after which the initial guide wire was exchanged for a ball-tipped guide wire: this was passed proximally until the tip was level with the tibial tuberosity proximally and its length was then measured.
We reamed sequentially to between 1 mm and 1.5 mm more than the chosen diameter of the nail with the aim of passing the tibial isthmus with the nail in every case. The quality of the tibial bone was frequently so poor that it was unnecessary to ream the tibia. Distal locking was undertaken using a proprietary jig: the specific design of the T2 retrograde femoral nail generally meant that screws were sited in both the talus and the calcaneus. Proximal locking screws were inserted freehand (Figs. 1 to 3) .
Skin closure was undertaken with interrupted 3/0 nylon in 43 cases (90%) and clips in the rest. A bulky dressing was applied and all patients were encouraged to mobilise fully weight-bearing as soon as possible.
Patients were followed up at two and six weeks, three and six months. There was no intention to remove the nail unless it was required to deal with a complication.
Results
Post-operative surgical complications included two superficial surgical site infections (4%) and two graft-/flaprelated infections (4%). Asymptomatic valgus malunion occurred in two patients (4%). In three others (6%) one of the distal locking screws either became loose or broke, requiring removal in two patients, both of whom recovered uneventfully. One patient developed a deep infection and required removal of the nail at another hospital four months after the primary procedure, by which time the fracture was said to have united. The most serious complication was the need for a below-knee amputation four days after the initial surgery in a patient with multiple comorbidities (ASA 3) who had sustained a Grade IIIc open fracture. Despite successful initial revascularisation, there was further delayed vascular compromise. Post-operative medical complications included nine cases of pneumonia (19%) and five cases of myocardial infarction (MI) (10%). Support from the intensive care unit (ICU) was needed for six patients (13%).
The mean time before a patient was able to mobilise was 15 days (0 to 52). However, all of those who failed to mobilise within 72 hours of surgery suffered an acute postoperative medical complication. Of the 12 patients who were both lucid and medically stable after surgery, all were able to mobilise within 48 hours.
Fracture union (diagnosed on a combination of clinical and radiological grounds) occurred after a mean of nine weeks (6 to 14). There were no cases of nonunion, nail breakage or peri-prosthetic fracture.
The six-month mortality rate for the entire group was 35% (17 of 48). One death occurred within two weeks of surgery, after an MI on the fifth post-operative day; this was felt to be potentially related to the surgical intervention (Table III) .
Of the 31 patients who survived for six months after their surgery, 28 (90%) had returned to their pre-operative level of function. Of the 14 patients who both survived six months and were intellectually capable of taking the Olerud and Molander questionnaire, 24 the mean pre-operative score was 62 (40 to 80) and the mean post-operative score after six months was 57 (35 to 70).
Discussion
The characteristics of our cohort were similar to that described in other reports on fragility fractures in the elderly in showing a significant preponderance of women with a low-energy injury. 2, 16, 25 Although our patients were substantially older and had lower functional demands than those in other published series who had undergone internal fixation, [6] [7] [8] they were comparable to those in other reported groups treated with a calcaneotalotibial nail. [16] [17] [18] This reflected our selection criteria, as the procedure was only considered for patients who were physiologically frail and had a low functional demand. It is interesting to note that although 45 (94%) of our patients had low-energy injuries, the incidence of open fractures in our series was high (40%, 19 of 48) compared with other published series. We think that this is due to a combination of factors, including our status as a major trauma centre, the high rate of steroid usage in our cohort and the poor-quality soft tissues frequently seen in this group of patients.
We believe the surgical procedure to be fairly straightforward. Although most operations were carried out by consultants, most of these were not foot and ankle specialists. The mean operating time was fairly short, and there were no intra-operative complications noted. The choice of the T2 retrograde femoral nailing system was largely determined by the fact that most intramedullary nails designed for use around the foot and ankle are not long enough to pass the isthmus of the tibia. Although we accept that this We also experienced problems with screw migration in the distal locking holes, and it may be that the next generation of nails with threaded locking holes, locking end caps, or locking bolts may help to avoid this. Nevertheless, surgeons in our unit are familiar with the use of the T2 system to treat femoral fractures and we believe that this series demonstrates acceptable results for its use in this context.
Our rate of superficial infection of 4% is within the published range of between 0% 16, 18 and 7%, 17 despite our much higher rate of open injuries. Although we had one deep infection which required exchange of the nail, this compares very favourably with conventional methods of internal fixation, which have rates of infection and wound problems of between 9% and 23%. 10, 11 We had no cases of nonunion and a low rate of malunion, which mirrored preexisting published series on calcaneotalotibial nails and compared favourably with other modes of internal fixation. Unlike other series 16, 17, 18 we do not remove nails routinely. None of our patients sustained periprosthetic fractures or nail breakage, which is likely to be due to the low functional demands of this patient cohort. The high morbidity and mortality rates are unsurprising, given the advanced age and multiple medical comorbidities in this cohort. However, we do not feel that the physiological insult associated with this procedure is excessive, and our peri-operative mortality rate of 2% (1 of 48) is similar to the 3% quoted for other methods of internal fixation in this group of patients. 10 Eliminating both subtalar and tibiotalar joint movement, does not appear to impair the overall function of these patients. After six months, most patients had regained their pre-operative functional levels, and as in previous reports [16] [17] [18] the Olerud and Molander scores did not fall substantially. This is perhaps a reflection of the fact that patients were selected for the procedure based on their low functional demand. Interestingly, in one of the previous studies over half the patients declined elective removal of the nail, as they perceived their ankle to be more stable than it had been before their injury.
Our study has a number of limitations. All data were collected retrospectively, with all of the attendant weaknesses implicit in this type of study design. There was no control group to allow comparison with other established forms of treatment. The decision to undertake intramedullary nail fixation was essentially subjective, as there were no established criteria for inclusion in this treatment group. The population represented here is heterogonous in terms of age, fracture pattern and pre-injury level of function.
Finally, the six-month follow-up is relatively short, although we suggest that longer follow-up is difficult to achieve in such a patient population.
Nevertheless, in keeping with our initial objectives in using a longer nail, we have avoided peri-prosthetic fractures and have furthermore found it to be necessary to remove the nail in only one instance, thereby minimising the need for further surgery in this high-risk patient group.
Surgical intervention should minimise the risk of complications to delicate soft tissues and bone, while being robust enough to permit immediate mobilisation and rehabilitation. We believe that a long, locked calcaneotalotibial nail is currently the best way of achieving mobilisation and rehabilitation in this particular group of patients and that it has encouraging clinical results.
